Purpose: Venous angioma (VA) is the most common congenital abnormality of the intracranial vasculature. This study aimed to investigate the relationship between VA and epilepsy and to identify the characteristics of children with VA and epilepsy. Methods: The records of all patients aged less than 18 years who underwent brain magnetic resonance imaging (MRI) at Pusan National University Hospital were retrospectively reviewed. Patients with isolated VA and patients with normal MRI were compared in terms of the prevalence of epilepsy. Results: In total, 2,385 pediatric patients who underwent brain MRI were enrolled. Isolated VA was identified in 26 patients (VA group). Among the patients with normal MRI findings, 225 age-and sexmatched patients to the VA-group were assigned to the control group. Nine patients in the VA group (9 of 26, 34.6%) and 27 patients in the control group (26 of 225, 11.5%; P<0.001) had epilepsy. In the VA group, 20 patients (76.9%) had the VA in the cerebral hemispheres, and 6 patients (23.1%) had the VA in the brainstem and cerebellum. The latter showed a higher prevalence of epilepsy (5 of 6, 83.3%) than the former (4 of 20, 20.0%; P=0.004). Among the nine patients who had epilepsy with VA, patients whose VA involved the brainstem and cerebellum showed a significantly higher frequency of abnormal Electroencephalographic findings than patients whose VA involved the cerebral hemispheres (P=0.016). Conclusion: VA, especially in the brainstem and cerebellum, might be associated with epilepsy.
Introduction
Venous angioma (VA) is a congenital anomaly of the medullary vein, the vessel that drains into the transparenchymal venous stem ("caput medusa" on the venous phase of angiography) 1, 2) . This is also referred to as a developmental venous anomaly 3) . VA is the most common intracranial vascular malformation in neuroimaging and autopsy series 4) . Magnetic resonance imaging (MRI) has detected VA in 0.7%-2.5% of all the studies 5) . The mechanism of VA is still unknown, but intrauterine accidents may be involved in the abnormal formation of the medullary veins or their tributaries 6) . VA has been reported as an asymptomatic condition because it is often found inci dentally during the evaluation of other different clinical features 7) . On the contrary, VA has been reported as a cause of seizures with incidence of seizures associated with symptomatic VA ranging from 8%-29% 8) . However several studies that utilized MRI demonstrated that these symptoms are related to other pathologies such as cavernous angioma and cortical dysplasia, which are highly epileptogenic lesion 5) . Controversy still exists in the literature regarding the epileptogenesis of VA. This study investigated whether VA is associated with epilepsy by analyzing the prevalence and characteristics of epilepsy associated with intracranial VA in children.
Materials and methods

Materials
A retrospective study was conducted in children under 18 years old who underwent magnetic resonance (MR) brain between January 2009 and December 2013 in Pusan National University Hospital (n=2,385). The exclusion criteria were as follows: (1) presence of other pathologic brain lesion on MRI, (2) prior dia gnosed central nervous system infection, genetic mutation, known syndromic disease, or inborn error of metabolism, (3) history of previous head trauma. The patients who had the ap pro priate finding of VA were designated as the VA group. Among the patients with normal MRI finding after excluding patients with MRI lesions other than VA, patients with age and sex matched to VA group was assigned to control group.
Methods
All children underwent MRI examination on a 1.5 or 3Tesla Siemens Sonata (Magnetom symphony, Siemens Medical Solu tions, Erlangen, Germany) using the standard circularly polarized head coil. Patients who could not undergo MRI test, were sedated with oral chloral hydrate (50 mg/kg), followed by intravenous midazolam (0.1 mg/kg; maximum, 5 mg). The MR protocol included scout pilot scans, followed by an axial 3dimensional (3D) T1weighted gradientecho acquisition (TR/ TE=20/5.6 msec; section thickness=2 mm; TR/TE, a basic pulse sequence parameters), an axial T2weighted turbo spinecho acquisition (TR/TE=5,020/106 msec; section thickness=4 mm), an axial velocity compensated 3D gradient echo susceptibility weighted imaging acquisition, and a postgadolinium T1 weighted acquisition (imaging parameters were the same as the noncontrast T1 sequence mentioned above). The contrast agent gadoliniumdiethylenetriamine pentaacetic acid (Magnevist, Berlex, Wayne, NJ, USA) was bolus injected by a power injector (Medrad, Spec tris MR injection system, Pittsburgh, PA, USA) with a dose of 0.1 mmol/kg of body weight at a rate of 3 mL/sec. The two neuroradiologists detected a presence of brain lesion.
Electroencephalograms (EEGs) were recorded using a Grass Telefactor system (Telefactor Cop., Conshohoken, PA, USA) or Stellate Harmonie EEG (Stellate System Inc., Montreal, QC, Canada) with a highcut filter 70 Hz for more than 40 minutes during sleep with or without the fully alert period. Patients with difficulty of the cooperation for the EEG examination were sedated with only chloral hydrate (50 mg/kg). The electrodes were applied in accordance to the international 10-20 system, referenced to both ears. A detailed interpretation of the interictal features of the EEG records was performed by one of the board certified clinical epileptologist. A limited interrater agreement study was conducted by another epileptologists with no their clinical history. We reviewed the background and interictal activities of each EEG recording. The medical charts of both groups (VA and control groups) were investigated the mean age, gender, frequency and duration of seizures, seizure types, and final diagnosis. In the VA group, the location of VA, history of epilepsy, and EEG findings were investigated to analyze the relationship between location of VA and seizure activity.
Standard protocol approvals, registrations, and patient con sents
Ethics permission for this study was granted by the Institutional Review Board of Pusan National University Hospital and fully informed written consent was obtained from each participant.
Statistical analysis
Data were stored in a dedicated access database and verified for accuracy. Statistical analyses were performed with SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA) using raw scores. Analyses presented here focus on the comparisons between the 2 groups (VA and control). Statistical comparison of the continuous and categorical variables was tested by means of t test and chi square test as appropriate for the data. In addition to univariate nonparametric statistical tests, the results of the t test and chi square tests were confirmed with the MannWhitney test and Fisher exact test. A P value <0.05 was regarded as statistically significant.
Results
Twentysix patients with VA were identified. Among 1,239 patients with normal MRI finding, 225 patients with age and sex matched to VA group were included to control group. There were 9 epilepsy patients in the VA group (9 of 26, 34.6%) and 27 patients in the control group (26 of 225, 11.5%; P<0.001). The prevalence of epilepsy in the VA group was significantly higher than in control group (P<0.001) (Fig. 1) . The chief complaints prompting MRI in the VA group were seizure (n=11), headache (n= 8), developmental delay (n=1), and others (n=6).
In the 26 patients of the VA group, VA was located in the cerebral hemisphere in 20 patients (76.9%) and in the brainstem and cerebellum in six patients (23.1%) ( Table 1) . A prevalence of epilepsy was 4 patients with VA located in the cerebral hemisphrere, 2 patients in the brainstem and 3 patients in the cere bellum. A significantly higher prevalence of epilepsy was found in patients with VA located in the cerebral hemisphere (83.3%, 5 of 6) than those in the brainstem and cerebellum (20%,
4 of 20, P=0.004) (Fig. 2) .
The clinical characteristics of the nine patients with epilepsy in VA group are summarized in Table 2 . The age at onset of epilepsy ranged from 5 months to 13 years. Seven patients had complex partial seizures. The remaining 2 patients had generalized tonic seizures (n=1) and partial seizure with secondary generation (n= 1). Among the 9 patients diagnosed with epilepsy, abnormal EEG were exhibited in 4 cases. The location of VA of 4 patients with abnormal EEG were the brainstem in 1 patient (50%, 1 of 2) and the cerebellum in 3 patients (100%, 3 of 3) respectively. All patients with VA located in the cerebral hemisphere had normal EEG findings. The proportion of abnormal EEG finding was significantly higher in VA located in the brainstem and cerebellum (80%, 4 of 5) than in VA located in the cerebral hemispheres (0%, 0 of 4, P=0.016) (Fig. 3) . Especially in VA locat ed in the cerebellum, all patients showed abnormal EEG findings.
Discussion
VA is the most common vascular malformation identified in neuroimaging studies. The detection rate of VA by MRI is variable, with reported rates between 0.7%-2.5%, and is in two third of the cases present supratentorially 5, 9) . The rates of VA and supratentorial involvement in our study are 0.9% (26 of 2,385) and 76.9% (20 of 26), which is similar proportion.
VA might manifest as an asymptomatic and benign condi tion. Garner et al. 10) reviewed a series of 100 patients with radiolo gically identifiable VA and showed that seizures and focal neu rological deficits were unusual associated findings and that the natural history of VA is relatively benign. Another study report ed that epileptic seizures may actually originate from areas of cortical dysplasia which are occasionally located near a VA 11) . On the other hand, VA has been reported as a seizure prone lesion. The relationship between VA and epilepsy has been widely reported in the previous studies, and it has been suggested that 8%-29% of patients with VA are epileptic 8) . However, there was no mention about the prevalence in the control group and the statistical significance. Although VA is usually asymptomatic, when symptomatic, the most common symptoms are headaches, seizures, and hemo rrhages, and we have occasionally treated the patients with VA associated with epilepsy. Presently, 36% of patients in the VA group and 11.5% of patients in the control group had epilepsy (Fig. 1) ; the difference was highly significant (P<0.001). This findings are contrary to the view the natural history of VA is a benign without significant clinical importance. Rather, our results support the view that VA is associated with epilepsy.
The anatomical distribution of VA has been reported as pre dominantly in the supratentorial location (twothirds) more than in the infratentorial location (onethird) 9) . This was similar to our results. In 26 patients with VA, the cerebral hemispheres were involved in 20 patients (76.9%) and brainstem and cerebellum were involved in 6 patients (23.1%) ( Table 1) . Topper et al. 9) re ported that in patients presenting with seizures a supratentorial location of VA is more frequent than in the remaining patients. We documented that the prevalence of epilepsy was significantly higher in the patients with VA of the brainstem and cerebellum (83.3%, 5 of 6) than in them of the cerebral hemisphere (20%, 4 of 20, P=0.004) (Fig. 2) . Our results differed from those of Topper et al. 9) , who included patients with other intracranial lesions as well as isolated VA. An important finding in our study was that predominance of infratentorial location can be found in patients with isolated VA and epilepsy.
Studies about the role of the brainstem and cerebellum in epileptogenesis are sparse. Traditionally, epileptic seizures have been thought of as cerebrocortical phenomena, but there have been reports of seizures that were thought to commence within the cerebellum 1214) . Though no evidence exists to suggest that epileptic electrical activity occurs during these seizures, these reports postulate that at least in cases of cerebellar pathology such as cerebellar gangliogliomas, the cerebellum may be an epileptogenic lesion. In addition to its epileptogenic effects, the cerebellum has also been proposed to have a role in inhibition of seizures. Krauss and Koubeissi 15) proposed that the cerebellar stimulation could reduce epileptogenic activity because of its gammaaminobutyric acidergic Purkinje cell inhibitory output and widespread cortical projections. Together, nearly 70% of the patients who are reported with cerebellar stimulation in the published literature had reduction in seizures 15) . Blumenfeld et al. 16) suggested the idea that increased cerebellar activity may contribute to seizure termination and/or to postictal suppression. From these results, we can speculate that VA may cause some degree of functional deficit in the cerebellum to inhibit seizure activity, rather than develop epileptogenic lesion by itself. We examined 9 patients with VA and epilepsy to assess whe ther there was topographic concordance between the location of VA and ictogenesis in patients with epilepsy. In the interictal EEG, 5 patients had normal findings and 4 patients had abnor mal findings. The proportion of abnormal EEG finding was signifi cantly higher in VA located in the brainstem and cerebellum (80%, 4 of 5) than in VA located in the cerebral hemispheres (0%, 0 of 4, P=0.016) (Fig. 3) . Especially in VA located in the cerebellum, all patients showed abnormal EEG findings. Thus we founded that convulsion with abnormal EEG finding was frequently associated with VA of the brainstem and cerebellum. However, we cannot know whether abnormal EEG findings in VA located in the brainstem and cerebellum might be due to suppression of the inhibitory role of the cerebellum. Also, this study has some limitations as this study was conducted retrospectively. The number of VA group and control group was quite different, and the number of VA patients was too small compared with control group, limiting the statistical power. However, our study has important clinical implications. We can suggest that VA might be associated with epilepsy. In ad dition, seizures were more frequently observed in the VA of the brainstem and cerebellum than in them of the cerebral hemispheres. Abnormal findings in EEG were also more often associated with VA located in the brainstem and cerebellum. The present results can indicate that special attention may be required for patients with VA especially located in the brainstem and cerebellum. Further studies with adequate sample size, and preferably multicenter are needed to investigate the relationship between the location of VA and developing epilepsy.
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